The paper describes a study of osmotic dehydration of red cabbage in sugar beet molasses of different concentrations (40, 60 and 80%) 
INTRODUCTION
Osmotic dehydration is an effective way to reduce the water content in plant and animal tissue with minimal negative effect on nutritive and sensorial properties of the final product. Osmotic dehydration, mainly of fruits and vegetables, is performed by immersing them in various hypertonic solutions.
Concentrated saccharose solution, sodium chloride solutions and their combinations are usually used as hypertonic solution (1) . At the Faculty of Technology in Novi Sad, a method has been developed for osmotic drying in sugar beet molasses as hypertonic solution. Sugar beet molasses appears to be an excellent medium for osmotic dehydration, primarily due to the high content of dry matter (80%), which provides high osmotic pressure in the solution (2) , as well as the specific chemical composition, characterized by high contents of vitamins, minerals, antioxidants and betain (3).
The complex cellular structure of plant tissue acts as a, not completely selective, semi-permeable membrane, which allows two main countercurrent flows: water from the plant tissue flows into the osmotic solution whereas osmotic solute diffuses from the solution to the tissue (4, 5, 6) .
During osmotic dehydration, the tendency is to increase the diffusion of water from the sample into the surrounding solution and decrease penetration of solids from the solution into the plant tissue, on the other hand (7) . However, in the case when sugar beet molasses is used as hypertonic solution, the penetration of mineral substances, vitamins, etc. to the tissue can be considered as favorable because the nutritional value of thus treated fruits and vegetables is higher (8) .
The rate and dewatering degree of the material and changes in its chemical composition depend on the sort of the osmotic solution used, the kind and the size of raw material, as well as the ratio of material to osmotic solution, temperature, dehydration time, and type of apparatus. Rate of osmotic dehydration is the highest at the beginning of the process. It results from the largest difference of osmotic pressure between the osmotic solution and the cell sap of the material and small mass transfer resistance at this stage of the process (9) .
Red cabbage after osmotic dehydration in sugar beet molasses can be used in the baker industry for the production of a nutritionally valuable food. Breads are darker and with a very pleasant, caramel-specific, taste, which is derived from sugar beet molasses. Antioxidative potential of breads were significantly increased (10).
The influence of different concentrations of sugar beet molasses and dehydration time on the efficiency of osmotic dehydration process of red cabbage was examined in this study. Kinetic parameters, rate of mass transfer and overall mass transfer coefficients for water and solute were determined in this paper.
Mass transfer model
During the osmotic dehydration process, three main process variables are usually measured: moisture content, change in weight and change in soluble solids. Of these, water loss (WL), weight reduction (WR), solids gain (SG), normalized moisture content (NMC) and normalized solid content (NSC) were calculated as follows: [5] where: w o -initial sample weight (g), w -sample weight after osmotic dehydration (g), u o -initial solid content in the fresh sample (g), u -solid content in the sample after osmotic dehydration (g), X o -initial moisture content of the fresh sample before osmotic treatment (g), X -moisture content in the sample after osmotic dehydration (g). A model was proposed by Hawkes and Flink (9) to describe the kinetics of moisture loss and solid gain:
where k w (s ) represent the overall mass transfer coefficients for water and solute respectively, and θ (s) is the dehydration time. Under static conditions mass transfer coefficients depend on the solution concentration and contact temperature.
Based on the above parameters, the rate of weight reduction (RWR), rate of solid gain (RSG) and the rate of water loss (RWL) were calculated.
EXPERIMENTAL
Red cabbage was purchased on a local market in Novi Sad, Serbia and stored at 4°C. Prior to the treatment, the red cabbage was thoroughly washed and cut into cubes, dimension 1x1 cm. Sugar beet molasses in different concentrations (40, 60 and 80% dry matter) were used as osmotic solution. Sugar beet molasses was obtained from the sugar factory Bač, Serbia. For dilution of sugar beet molasses distilled water were used. Osmotic dehydration was conducted in an apparatus at 55°C under atmospheric pressure (Fig. 1) . 
Fig. 1. Apparatus for osmotic dehydration
The material to solution ratio was 1:4 (w/w). Finally, the cabbage pieces were removed from the osmotic solutions, washed with water and gently blotted to remove excessive water. The samples were weighed. Kinetic parameters were determined after 1, 3 and 5 hours.
The samples were kept in an oven (Instrumentaria Sutjeska, Serbia) at 105°C for 24 hours until a constant weight was attained (11) .
Moisture content of the samples was determined by the oven drying method according to AOAC (12) . Table 1 shows changes in dry matter content in the samples of red cabbage during osmotic dehydration as a function of the concentration and dehydration time. The increase in concentration and immersion time during the osmotic dehydration resulted in higher content of dry matter in the samples of red cabbage. The highest value of dry matter content in red cabbage (29.35%) was achieved when 80% solid content sugar beet molasses was used as the osmotic solution, and when the immersion time was 5 hours.
RESULTS AND DISCUSSION
In addition to the changes of dry matter content, the changes in kinetic parameters during the osmotic dehydration of red cabbage are also shown in the table 1.
During the dehydration, mass of the samples was reduced. Higher value of WR parameter was found when the immersion time and concentration of sugar beet molasses were higher. The red cabbage dehydrated in the 80% molasses for 5 hours, lost about 45% of the initial weight.
The SG value indicates the degree of penetration of solids from the osmotic solution in the samples. Solid gain, during the osmotic dehydration of red cabbage, showed a tendency to increase with increasing the immersion time and concentration of molasses. 
Penetration of the solute from the osmotic solution into the sample can be limited by applying starch edible coatings (13). Increasing the dehydration time caused greater loss of water from the sample. Higher concentrations of molasses increased the osmotic pressure in the hypertonic solution, and therefore the driving force for dehydration was higher. The highest water loss (WL) (0.5362 g / g of initial sample weight) was observed in the sample which was dehydrated in molasses with 80% solid content for 5 hours. Table 2 shows the mass transfer rate during the osmotic dehydration as a function of the immersion time and concentration of sugar beet molasses. The results show that the osmotic dehydration was the most intensive at the beginning of the process.
The rate of mass reduction, the rate of water loss and the rate of solid gain were the highest during the first hour of the process. Mass transfer rate decreased continuously from the first to the third hour, and after the third hour showed a stabilization tendency. The mass transfer rate was the most intensive when sugar beet molasses with 80% solid content was used as osmotic solution, which can be explained by greater driving force during the process of osmotic dehydration, i.e. by the greater difference between the osmotic pressures of the hypertonic solution and the plant tissue.
The objective of osmotic dehydration is the removal of water from plant tissue and, at the same time, minimizing the penetration of substances from the osmotic solution into the vegetable tissue. The increase in the rate of solid gain is directly dependent on the concentration of osmotic solution and inversely proportional to the size of sugar molecules (4, 9) .The results of this work indicated that water loss from the samples was faster than the penetration of the solute into the samples (Fig. 2) . Broken line in Fig. 2 is a theoretical case which shows the situation when the rate of water loss is equal to the rate of solid gain. The slope of the straight line indicates the ratio of water loss and solid gain rates. During the dehydration of red cabbage in sugar beet molasses (40% of dry matter) water loss was 6.6 times faster than the solid gain. Typical results of the change of the dehydration parameters (NMC and NSC) for the red cabbage immersed in sugar beet molasses (40%, 60% and 80%) at 55°C are shown in Fig. 3 . With increase of the solution concentration, an increase in the dehydration rate was observed. Extensive dehydration took place within the first 3 h, during which the water removal ranged between 30 and 50% of the initial moisture content in the plant tissue. After the third hour, the water diffusion slowed down and for the next two hours the water content was reduced by 3 -10%. The results of this work indicated that the time of dehydration can be limited to 3 hours. During 5 hours of dehydration there was the diffusion of the solute from the osmotic solution into the plant tissue, although the most intensive diffusion took place within the first 3 hours of the process. After the third hour of the process, in the samples dehydrated in sugar beet molasses with 60% and 80% solid content, the increase in solute diffusion was very small, whereas in the sample dehydrated in 40% molasses, the diffusion continued at a greater rate. Lazarides et al. (14) indicated that the diffusion of the solute into the plant tissue can be limited by lowering the temperature to 45 °C, since the selectivity of the semi-permeable cell membrane of plant tissue reduces at the temperatures above 45°C. The overall mass transfer coefficients for water and solute was determined on the basis of equations 6 and 7 ( Fig. 4 and 5) . Mass transfer coefficients depend on the temperature and concentration of hypertonic solution. At a constant temperature, the dependence of these coefficients was studied as a function of the duration of immersion time and concentrations of sugar beet molasses.
A increase in the mass transfer coefficient was observed for water and solute with increasing concentration of the osmotic solution of sugar beet molasses. The mass transfer coefficient decreased with the immersion time.
Higher values of mass transfer coefficients for water in the samples obtained during the first hour of osmotic dehydration can be explained by a higher driving force during the process, i.e. by the higher concentration gradient of moisture in the initial stages of osmotic dehydration, during the diffusion of free water. 
CONCLUSION
Sugar beet molasses seems to be a osmotic solution suitable for the osmotic dehydration of red cabbage. Higher solution concentration caused higher water loss, higher solids gain and higher mass reduction of red cabbage. Osmotic dehydration was the most intensive in the first hour of dehydration. After 3 hours of dehydration the rate of mass transfer decreased so that the processing time can be limited to 3 hours.
About seven times higher was the rate of water loss than the rate of solid gain, which is very desirable in order to avoid the effect of sugar penetration into the sample.
